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HVAC SYSTEM HAVING LINKAGE ROD
WITH MID-POINT MOVEMENT CONTROL

FIELD

The present disclosure relates to a vehicle heating, ven-
tilation, and air conditioning (“HVAC”) system having a
linkage rod with mid-point movement control.

BACKGROUND

This section provides background information related to
the present disclosure, which 1s not necessarily prior art.

Vehicles are known to include a heating, ventilation, and
air conditioning (“HVAC”) system to improve the comifort
of the people within the passenger compartment of the
vehicle. The HVAC system can heat and cool air blown
through the HVAC system using a heating heat exchanger
and/or a cooling heat exchanger. The heating heat
exchanger, or heater core typically utilizes the engine cool-
ant as a source of heat for heating the air. The cooling heat
exchanger 1s typically an evaporator which 1s part of an air
conditioning system in the vehicle.

Vehicle HVAC systems typically have internal passages,
or ducts for routing air through various components of the
system, such as the evaporator, or the heater core for
example, before the air 1s expelled into the passenger
compartment. These ducts can also route the air to different
locations 1n the vehicle, such as to be directed toward the
left, right, front, or rear of the vehicle for example.

Generally, HVAC systems can include doors, or gates
within these ducts, that can be moved between opened and
closed positions to selectively control airtlow through the
individual ducts. The position of these doors can be gener-
ally controlled by devices, such as servo motors, or linear
actuators. It can be desirable to selectively control the
operation of more than one of these doors simultaneously, to
allow more than one duct to open, or close simultaneously.

For example, 1n a system with a first duct that directs
airtlow to a first zone of the passenger compartment, and a
second duct that directs airflow to a second zone of the
passenger compartment, 1t can be desirable to use a single
motor to simultaneously control individual doors within the
two ducts to selectively block airflow through the two ducts.
It can be desirable to operate the two doors such that they
both open the same amount to allow the same amount of air
to flow to both zones. By way of another example, a first
duct may direct cool air toward the passenger compartment,
while a second duct directs air through the heat exchanger
before directing 1t toward the passenger compartment. In
such a system, the temperature of the air directed toward the
passenger compartment can depend on the relative amounts
of air directed through the first and second ducts. It can be
desirable to use a single motor to simultaneously control
individual doors within the two ducts to selectively regulate
airtlow through each duct.

Current mechanisms for actuating multiple doors from a
single motor generally include a linkage rod for coupling the
operation of the two doors to the single motor. These linkage
rods, are typically formed of a thermoplastic material to
mimmize weight and cost of the components. It has been
found that the linkage rod can bend or flex during operation,
which can lead to incomplete sealing of the doors, or
undesirable diflerences in the door positions. Such bending,
can become more pronounced when the linkage rod
becomes heated, such as due to the vehicle sitting 1n the sun
on a hot day for example. Accordingly, there exists a need
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for a device that reliably and accurately articulates multiple
HVAC duct doors with a single motor.

SUMMARY

This section provides a general summary of the disclo-
sure, and 1s not a comprehensive disclosure of 1ts full scope
or all of 1ts features.

The present teachings provide for a vehicle heating,
ventilation, and air conditioning (“HVAC”) assembly
including a drive member, a driven member, a connecting
member, a guide member, a first door, and a second door.
The connecting member can be rotatably coupled to the
drive member and the driven member and can be configured
to be moved by the dnve member to rotate the driven
member. The guide member can be 1n cooperation with the
connecting member and configured to restrict movement of
the connecting member as the connecting member 1s moved
by the drive member. The first door can be configured to be
rotated by the drive member between a first position and a
second position. The second door can be configured to be
rotated by the driven member between a third position and
a fourth position.

The present teachings also provide for a vehicle heating,
ventilation, and air conditioning (“HVAC”) assembly
including a drive member, a driven member, a connecting
member, a guide member, a first flue set, a second flue set,
a first door, and a second door. The connecting member can
be rotatably coupled to the drive member and the driven
member and can be configured to be moved by the drive
member to rotate the driven member. The gmide member can
be 1n cooperation with the connecting member and config-
ured to restrict movement of the connecting member as the
connecting member 1s moved by the drive member. The first
door can be configured to be rotated by the drive member
between a first position and a second position. The second
door can be configured to be rotated by the driven member
between a third position and a fourth position. When the first
door 1s 1n the first position and the second door 1s 1n the third
position, air 1s permitted to flow through the first flue set and
prevented from flowing through the second flue set. When
the first door 1s 1n the second position and the second door
1s in the fourth position, air 1s prevented from flowing
through the first flue set and permitted to flow through the
second flue set.

The present teachings also provide for a vehicle heating,
ventilation, and air conditioning (“HVAC”) assembly
including a heater exchanger, an evaporator, a housing, a
flue door mechanism, a guide member, and a channel. The
housing can define a first flue set and a second flue set. The
first tlue set can be configured to direct air received from the
evaporator through the heat exchanger. The second flue set
can be configured to direct air received from the evaporator
to bypass the heat exchanger. The flue door mechanism can
include a drive member, a driven member, a connecting rod,
a first door, and a second door. The drive member can be
rotatably coupled to the housing. The driven member can be
rotatably coupled to the housing at a location spaced apart
from the drive member. The connecting rod can have a {first
end rotatably coupled to the drive member, a second end
rotatably coupled to the driven member, and a mid-section
extending between the first and second ends. The first door
can be disposed within the housing and can be coupled for
rotation with the drive member between a {first position and
a second position. The second door can be disposed within
the housing and can be coupled for rotation with the driven
member between a third position and a fourth position. The
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guide member can be coupled to one of the housing and the
mid-section of the connecting rod. The channel can be
defined by the other of the housing and the mid-section. The
guide member can be received 1n the channel. The channel
and the guide member can cooperate to restrict movement of
the connecting rod to a path defined by the channel. When
the first door 1s 1n the first position and the second door 1s 1n
the third position, air 1s permitted to flow through the first

flue set and prevented from flowing through the second flue
set. When the first door is in the second position and the 19
second door 1s 1n the fourth position, air 1s prevented from
flowing through the first flue set and permitted to tlow
through the second tlue set.

Further areas of applicability will become apparent from
the description provided herein. The description and specific 1°
examples 1n this summary are intended for purposes of
illustration only and are not intended to limit the scope of the
present disclosure.

DRAWINGS 20

The drawings described herein are for illustrative pur-
poses only of selected embodiments and not all possible
implementations, and are not intended to limit the scope of
the present disclosure. 25

FIG. 1 1s a side view of a vehicle having a heating,
ventilation, and air conditioning (“HVAC”) system 1n accor-
dance with the present disclosure;

FI1G. 2 1s a side view of a portion of the HVAC system of
FIG. 1; 30
FIG. 3A 1s a cross-sectional view of a portion of the

HVAC system of FIG. 1 with a mechanism 1n a first position;

FIG. 3B 1s the cross-sectional view of FIG. 3A with the
mechanism 1n a second position;

FIG. 4 1s a cross-sectional view of the portion of the 35
HVAC system shown 1n FIG. 2 taken along line 4-4 having
a first configuration;

FIG. 5 1s a cross-sectional view of the portion of the
HVAC system shown 1n FIG. 2 taken along line 4-4 having
a second configuration; 40

FIG. 6 1s a side view of a portion of the HVAC system of
FIG. 1 having a another configuration;

FIG. 7 1s a cross-sectional view of the portion of the
HVAC system shown 1n FIG. 6 taken along line 7-7 having
a first configuration; 45

FIG. 8 1s a cross-sectional view of the portion of the
HVAC system shown 1n FIG. 6 taken along line 7-7 having
a second configuration;

FIG. 9A 1s a cross-sectional view of a portion of an HVAC
system ol another configuration with a mechanism 1n a first 50
position; and

FIG. 9B 1s the cross-section view of FIG. 9A with the
mechanism 1n a second position.

Corresponding reference numerals indicate correspond-
ing parts throughout the several views of the drawings. 55

DETAILED DESCRIPTION

Example embodiments will now be described more fully
with reference to the accompanying drawings. 60
With reference to FIG. 1, a vehicle 10 1s shown having a

passenger compartment 14, a heating, ventilation, and air
conditioning (“HVAC”) system 18, an engine compartment
22, a firewall 26, and a dashboard, or instrument panel 30.
The passenger compartment 14 i1s configured for vehicle 65
occupants (not shown) to operate, ride 1, or otherwise
occupy the vehicle 10. The passenger compartment 14 can

4

generally be divided into a first zone 34 and a second zone
38. In the example provided, the first zone 34 generally
includes the front portion of the passenger compartment 14,
and the second zone 38 generally includes the rear portion
of the passenger compartment 14. However, it 1s understood
that alternative, or additional divisions of the passenger
compartment can be used, such as the left, or right portions
for example. The engine compartment 22 can generally
include an engine (not shown), an engine coolant system
(not shown), and a compressor (not shown). The engine
coolant system can typically include a radiator and water
pump configured to circulate a coolant fluid through a
plurality of conduits in the engine to remove heat from the
engine for example. The firewall 26 can generally separate
the passenger compartment 14 and instrument panel 30 from
the engine compartment 22. The instrument panel 30 can
generally be between the passenger compartment 14 and the
firewall 26. The instrument panel 30 can generally house a
plurality of instruments (not shown), such as dials, displays,
or controls for operating, viewing, or accessing navigation,
entertainment, communications, or vehicle operational
information for example. While the vehicle 10 1n the
example provided 1s shown as a car, 1t 1s understood that the

HVAC system 18 can be used in other vehicles, such as a
truck, or an agricultural, or military vehicle for example.

The HVAC system 18 can include an HVAC main unit 42,
an intake duct 46, a first zone duct 50, a second zone duct
54, and any suitable number of additional ducts (such as
lower duct 58). The main unit 42 can be located within the
vehicle 10, such as generally between the instrument panel
30 and the firewall 26. The main umt 42 can generally be
configured to supply air to anyone or more of the ducts 50,
54, 38.

The main unit 42 can include a main housing 62, a
refrigerant supply line 66, a heater supply line 68, a refrig-
erant return line 70, a heater return line 72, and a blower
housing 74. The main housing 62 can define an intake port
78, a first air port 82, a second air port 86, and can also define
additional ports, such as a lower port 90. The blower housing
74 can house a blower (not shown) configured to draw air
from within the passenger compartment 14, and/or from
outside the vehicle 10, through the intake duct 46 by way of
the intake port 78, and blow the air through the main housing
62, as will be described below. The intake duct 46 can be
configured to receirve the air from the passenger compart-
ment 14 and/or outside the vehicle 10. The refrigerant
supply line 66 and refrigerant return line 70 can be fluid
conduits that extend through the firewall 26 into the engine
compartment 22. The refrigerant supply line 66 can supply
refrigerant to the main unit 42, from the compressor (not
shown). The refrigerant return line 70 can allow the refrig-
erant to return from the main unit 42, to the compressor. The
main unit 42 will be described 1n greater detail below.
The first zone duct 50 can extend from the first air port 82,
to the first zone 34 of the passenger compartment 14, and can
be configured to supply air from the main unit 42 to the first
zone 34. The first zone duct 50 can be generally disposed
within the instrument panel 30, or between the 1nstrument
panel 30 and the firewall 26, and can extend through the
istrument panel 30 to expel air through one or more {first
vents 94 mounted 1n the mnstrument panel 30. While the
example shows the first vents 94 located 1n the instrument
panel 30, it 1s understood that the first vents 94 can alter-
natively, or additionally be located 1n other locations proxi-
mate to the first zone 34, such as below the instrument panel

30 to provide air toward an occupant’s feet for example.
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The second zone duct 54 can extend from the second air
port 86, to the second zone 38 of the passenger compartment
14, and can be configured to supply air from the main unit
42 to the second zone 38. The second zone duct 34 can
extend from the second air port 86, to the second zone 38 to
expel air through one or more second vents 98 proximate to
the second zone 38. In the example provided, the second
zone duct 54 extends along the lower portion of the pas-
senger compartment, such as through a center console (not
shown) for example. However, 1t 1s understood that the
second zone duct 34 can extend to the second zone 38 along
other paths, such as through a headliner of the vehicle 10 for
example.

With additional reference to FIGS. 2, 3A, and 3B, the
main unit 42 1s illustrated in greater detail. The main unit 42
can further include a cooling heat exchanger or evaporator
102, a heating heat exchanger or heater core 106, and a flue
door mechanism 110. The main housing 62 can define an air
supply flue 114, a hot air flue 118, a cool air flue 122, and
a main flue 126, each configured to convey air through the
main housing 62. The main housing 62 can also define a
lower flue 130.

The evaporator 102 can be any type of heat exchanger,
such as a radiator for example. The evaporator 102 can be
located within the main housing 62 and in line with the air
supply tlue 114. The evaporator 102 can be coupled to the
refrigerant supply line 66 and the refrigerant return line 70
and can have a series of tubes (not shown), configured for
the refrigerant fluid to pass through while flowing from the
refrigerant supply line 66 to the refrigerant return line 70.
The evaporator 102 1s configured such that air flowing
through the air supply flue 114 can flow across the tubes. The
reirigerant fluid can generally absorb heat from the air as the
alr passes across the tubes of the evaporator 102, to lower the
temperature of the air and remove moisture from the air. The
heated refrigerant fluid can then return to the compressor via
the refrigerant return line 70.

The heater core 106 can be any type of heat exchanger,
such as a radiator for example. It 1s understood that the
heater core 106 can alternatively, or additionally include an
clectrical heating eclement. The heater core 106 can be
located within the main housing 62 and 1n line with the hot
air flue 118. The heater core 106 can be coupled to heater
supply and return lines 68, 72, which can be configured to
supply the heater core 106 with a heating fluid, such as
engine coolant that has been heated by the engine for
example. Similar to the refrigerant supply and return lines
66, 70, the heater supply and return lines 68 and 72 can pass
through the firewall 26 and into the engine compartment 22,
where the heating fluid 1s heated by the engine. The heating,
fluid can pass through a series of tubes (not shown) within
the heater core 106, while flowing from the heater supply
line to the heater return line. The heater core 106 1s config-
ured such that air flowing through the hot air flue 118 can
flow across the tubes. The heating tfluid can generally release
heat to the air as 1t passes across the heater core 106 tubes.

The air supply flue 114 can be fluidly coupled with the
blower housing 74 and intake port 78 to receive air there-
from. The hot air flue 118 can have an inlet 134 and an outlet
138. The inlet 134 can be proximate to the air supply flue
114, to receive air therefrom. The outlet 138 can be proxi-
mate to the main flue 126, such that air can flow from the hot
air tlue 118 to the main tlue 126 through the outlet 138. The
cool air flue 122 can be proximate to the air supply tlue 114
and the main flue 126, such that air can flow from the air
supply tlue 114, through the cool air flue 122, to the main
flue 126 without flowing through the hot air flue 118. The
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main flue 126 can be fluidly coupled to the first air port 82
and the second air port 86 to provide air to the first and
second zones ducts 50, 54. The main flue 126 can also be
fluidly coupled to the lower port 90 by the lower flue 130.
In this configuration, additional mechanisms 142 can be
included to selectively provide air from the main flue 126 to
one or more of the first air port 82, the second air port 86,
and the lower port 90. The lower port 90 can be coupled to
the lower duct 58, which can direct air to the lower portion
of the first zone 34.

With particular reference to FIG. 2, for example, the tlue
door mechanism 110 can include a drive link 146, a driven
link 150, a connecting link 154, and an actuator 158. A first
door 162 and a second door 166 of the flue door mechanism
110 are 1illustrated in FIGS. 3A and 3B for example. Since
FIGS. 3A and 3B illustrate a cross-sectional view of the
main unit 42, the actuator 158, drive link 146, connecting
link 154, and driven link 150 are illustrated 1n dashed lines
to 1ndicate their locations and general positions relative to
the main unit 42 and the first and second doors 162, 166. The
flue door mechanism 110 can also include a link cover 170.
The drive link 146 can have a first, or drive pivot 174, and
a second pivot 178. The drive pivot 174 can be rotatably
coupled to the main housing 62. In the example shown, the
drive pivot 174 1s a pin non-rotatably coupled to the drive
link 146 and rotatably received in an aperture 182 of the
main housing 62, though other configurations can be used.
The second pivot 178 can be spaced radially apart from the
drive pi1vot 174 and configured to rotate about the drive pivot
174.

The driven link 150 can have a third, or driven pivot 186,
and a fourth pivot 190. The driven pivot 186 can be spaced
apart from the drive pivot 174 and rotatably coupled to the
main housing 62. In the example shown, the driven pivot
186 15 a pin non-rotatably coupled to the driven link 150 and
rotatably received in an aperture 194 of the main housing 62,
though other configurations can be used. The fourth pivot
190 can be spaced radially apart from the driven pivot 186
and configured to rotate about the driven pivot 186.

The connecting link 154 can be formed of a thermoplastic
material and can have a first end 198, a second end 202, and
a central rod 206 extending between the first and second
ends 198, 202. In the example provided, the connecting link
154 1s a ngid, linear rod, though other configurations can be
used. The central rod 206 can have a guide member or
support member 210 and the main housing 62 can define a
groove 214. It 1s understood that the main housing 62 can
include or can be constructed of a plurality of individual
pieces and that the groove 214 can be defined by one of such
pieces mounted to or integrally formed with the other(s) of
such pieces. The groove 214 can have a generally arcuate
path coinciding with the movement of the support member
210, as will be discussed below.

The support member 210 can generally be located toward
the middle of the central rod 206, and can be integrally
formed with the central rod 206. The support member 210
can be recerved within the groove 214 and can slide along
the groove 214 as the connecting link 154 1s moved between
positions, as will be discussed below. The groove 214 can be
generally arcuate in shape to coincide with the path of the
connecting link 154 and support member 210. The drive link
146 can be rotatably coupled to the first end 198 of the
connecting link 154 at the second pivot 178, and the driven
link 150 can be rotatably coupled to the second end 202 of
the connecting link 154 at the fourth pivot 190. In this way,
the connecting link 154 couples the drive link 146 and
driven link 150 as a four-bar linkage, such that rotation of
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the drive link 146 at the drive pivot 174 causes rotation of
the driven link 150 at the driven pivot 186. The degree of
rotation of the driven link 150 relative to the drive link 146
depends on the relative lengths of the drive link 146 and
driven link 150. In the example provided, the relative
lengths are generally similar, though other lengths can be
used. The support member 210 and groove 214 cooperate to
prevent the connecting link 154 from flexing, or bending
perpendicular to the path of the groove 214.

With reference to FIGS. 2 and 4, the link cover 170 can
have a first tlange 218 and a second flange 222, a cap 226
and can define a link cavity 230. The link cover 170 can be
coupled to the main housing 62 at the first and second
flanges 218, 222 by any suitable means, such as a fastener
(not shown), or adhesive for example. At least a portion of
the central rod 206 can be received in the link cavity 230
between the cap 226 and the main housing 62. The link
cover 170 can cover at least the portion of the central rod 206
and main housing 62 such that the connecting link 154 can
translate between the link cover 170 and the main housing
62 when the drive link 146 rotates. The cap 226 can prevent
the central rod 206 from moving along axis 234, thus
preventing the connecting link 154 from bending away from
the main housing 62, and preventing the support member
210 from disengaging the groove 214. In this way, the link
cover 170 and main housing 62 prevents the connecting link
154 from bending along axis 234, while the support member
210 and groove 214 cooperate to prevent the connecting link
154 from bending in the direction perpendicular to the path
of the groove 214, as indicated by axis 238. In the example
provided, the link cover 170 covers a middle section of the
central rod 206, however 1t 1s understood that the link cover
170 could also cover the entire connecting link 154, the
drive link 146, the driven link 150, and/or the actuator 158.

With reference to FIG. 5, a section view of another
configuration of a connecting link 242, and a link cover 246
for use with the flue door mechanism 110 and the main
housing 62 1s shown. Connecting link 242 can be substan-
tially similar to connecting link 154, having first and second
ends (not shown), substantially similar to first and second
ends 198, 202, and a central rod 250, substantially similar to
central rod 206, except central rod 250 includes a first guide
member or first support member 254 and a second guide
member or second support member 258. The main housing
62 can define a first groove 262. As described above, 1t 1s
understood that the main housing 62 can include or can be
constructed of a plurality of individual pieces and that the
first groove 262 can be defined by one of such pieces
mounted to or mtegrally formed with the other(s) of such
pieces. The first support member 254 can be substantially
similar to support member 210 and first groove 262 can be
substantially similar to groove 214 such that first support
member 254 rides 1n first groove 262 1n a similar manner.
The second support member 2358 can be substantially similar
to the first support member 254, except the second support
member 258 extends from a side of the connecting link 242
opposite the first support member 254. The link cover 246
can be substantially similar to link cover 170, having a first
flange 266, a second flange 270, and a cap 274, and defining
a link cavity 278, except the cap 274 can define a second
groove 282. The second groove 282 can be arcuate in shape
and can be substantially similar to the first groove 262
formed 1n the main housing 62. The second support member
2358 can be recerved 1n the second groove 282 and can slide
along the second groove 282 as the connecting link 242 1s
moved between positions. The first support member 254 and
first groove 262, as well as the second support member 258
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and second groove 282 cooperate to prevent the connecting
link 242 from flexing, or bending perpendicular to the path
of the second groove 282, as indicated by axis 286. The cap
274 and main housing 62 cooperate to prevent the connect-
ing link 242 from bending in the direction away from the
main housing 62, as indicated by axis 290. While the
example provided includes the first support member 254 and
first groove 262, 1t 1s understood that the first support
member 254 and first groove 262 could alternatively be
climinated, such that only the second support member 258
and second groove 282 are used.

With reference to FIGS. 6 and 7, another configuration of
a connecting link 294 and a main housing 298 1s shown. The
main housing 298 1s substantially similar to main housing
62, except that instead of the groove 214, the main housing
298 defines a guide member or support member 302. The
support member 302 can extend from an outer surface 306
of the main housing 298. It 1s understood that the main
housing 62 can include or can be constructed of a plurality
of individual pieces and that the support member 302 can
extend from one of such pieces mounted to or integrally
formed with the other(s) of such pieces. The connecting link
294 can be substantially similar to connecting link 154,
having a first end 310, a second end 314, and a central rod
318, except that instead of support member 210, the central
rod 318 defines a groove 322. The groove 322 can be
generally arcuate in shape. The support member 302 can be
received 1n the groove 322 and can slide along the groove
322 as the connecting link 294 1s moved between positions.
The groove 322 and support member 302 cooperate to
prevent the connecting link 294 from flexing, or bending in
the direction perpendicular to the path of the groove 322,
indicated by axis 326. The support member 302 can also be
configured to receive a pin 330. The pin 330 can have a
generally cylindrical body 334 and a head 338. The body
334 can be received through the groove 322 and engage the
support member 302. The body be fastened to the support
member 302 by a plurality of threads (not shown) or other
means. The head 338 can be configured to hold a washer 342
between the head 338 and the connecting link 294. The
washer 342 can be a diameter larger than the diameter of the
groove 322, such that the head 338 and washer cooperate to
prevent the connecting link 294 from bending in the direc-
tion along axis 346. It 1s understood that the head 338 and
washer 342 can be itegrally formed together.

With reference to FIG. 8, another configuration of the
connecting link 294 and main housing 298 i1s shown. A link

cover 350, substantially similar to link cover 170, can have
first and second flanges 354, 358, a cap 362, and defines a

link cavity 366. The first and second flanges 354, 358 can be
coupled to the main housing 298 by any suitable means,
such as fasteners (not shown) or adhesive for example. The
link cover 350 acts similarly to link cover 170 to prevent
connecting link 294 from bending, in the direction along
axis 370, while the support member 302 and groove 322
prevent the connecting link 294 from bending in the direc-
tion perpendicular to the groove 322, indicated by axis 374.

Returning to FIGS. 2, 3A and 3B, the actuator 158 can be
coupled to the drive link 146 to drive rotation of the drive
link 146 at the drive pivot 174. In the example provided, the
actuator 158 1s a servo motor having an output shait (not
shown) coupled to the drive pivot 174, though other actuator
types can be used, such as a linear actuator with a rack and
pinion for example.

With specific reference to FIGS. 3A and 3B, the first door
162 can be disposed within the main housing 62 and can be
rotatably coupled to the main housing 62 at the drive pivot
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174, while being non-rotatably coupled to the drive link 146
for common rotation at the drive pivot 174. The first door
162 can have a first damper portion 378 and a second
damper portion 382, each extending radially outward from
the drive pivot 174. The second door 166 can be disposed
within the main housing 62 and can be rotatably coupled to
the main housing 62 at the driven pivot 186, while being
non-rotatably coupled to the driven link 150 for common
rotation at the driven pivot 186. The second door 166 can
have a third damper portion 386 and a fourth damper portion
390, each extending radially outward from the driven pivot
186. In this way, the first and second doors 162, 166 are both
articulated when the actuator 158 rotates the drive link 146.

The first door 162 and second door 166 can be configured
to rotate between a closed position (FIG. 3A) and an open
position (FIG. 3B). In the closed position, the first damper
portion 378 can be positioned to block part of the inlet 134,
while the second damper portion 382 can be positioned to
block the outlet 138 to prevent air from flowing through the
outlet 138 of the hot air flue 118. In the closed position, the
third damper portion 386 and fourth damper portion 390 can
block the remainder of the inlet 134 of the hot air flue 118
to prevent cool air from the evaporator 102 from entering the
hot air flue 118 and coming in contact with the heater core
106. The third damper portion 386 can sealingly engage the
first damper portion 378 to prevent air from flowing through
the 1nlet 134 between the first and second doors 162, 166.
The cool air flue 122 1s open, and generally all of the air 1s
directed to flow directly from the evaporator 102 and air
supply flue 114, through the cool air flue 122, and to the
main flue 126, 1n order to provide maximum cool air to the
passenger compartment.

In the open position of FIG. 3B, the first damper portion
378 can block the cool air flue 122 to prevent cool air from
flowing from the air supply tlue 114, through the cool air
flue, to the main flue 126. The first damper portion 378 can
be positioned to allow air to flow from the air supply flue
114, through the inlet 134, and to the heater core 106. In the
open position, the second damper portion 382 can be posi-
tioned to allow air to flow through the outlet 138 and to the
main flue 126. In the open position, the second door 166 can
be positioned to allow air to flow from the evaporator 102,
through the inlet 134, to the heater core 106, and through the
outlet 138, to the main flue 126. In this position, generally
all of the air flow received by the main flue 126 1s heated by
the heater core 106 to provide maximum heating of the arr.

With reference to FIGS. 9A and 9B, cross-sectional views
of a second configuration of the main unit 42 are shown. The
reference numbers similar to the reference numbers of FIGS.
1-3B denote similar components. Similarly, the actuator
158, drive link 146, connecting link 154, driven link 150,
and support member 210 are shown in dashed lines to
indicate their locations and general positions relative to the
main unit 42 and the components 1llustrated within the main
unit 42. Accordingly, only the differences will be described
in detail, and the descriptions of the similar components of
FIGS. 1-3B are mncorporated by reference with respect to the
81mllarly numbered components. In this configuration, the
main housing 62a defines an air supply flue 1144, a first hot
flue 910, a second hot tlue 914, a first cool tlue 918, a second
cool ﬂue 022, a first main ﬂue 926, and a second main flue
930. The first hot flue 910 can have a first inlet 934 and a first
outlet 938. The first inlet 934 can be proximate to the air
supply flue 114, to receive air therefrom. The first outlet 938
can be proximate to the first main flue 926, such that air can
flow from the first hot flue 910 to the first main flue 926
through the first outlet 938. The first cool flue 918 can be
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proximate to the air supply tlue 114 and the first main flue
926, such that air can flow from the air supply flue 114,
through the first cool flue 918, to the first main flue 926
without flowing through the first or second hot flues 910,
914. The first main flue 926 can be flmdly coupled to the first

air port 82 to provide air to the first zone duct 50.

The second hot flue 914 can have a second inlet 942 and
a second outlet 946. The second inlet 942 can be proximate
to the air supply flue 114, to receive air therefrom. The
second outlet 946 can be proximate to the second main tlue
930, such that air can flow from the second hot flue 914 to
the second main flue 930 through the second outlet 946. The
second cool flue 922 can be proximate to the air supply tlue
114 and the second main flue 930, such that air can flow
from the air supply flue 114, through the second cool flue
922, to the second main flue 930 without flowing through the
first or second hot flues 910, 914. The second main flue 930
can be fluidly coupled to the second air port 86 to provide
air to the second zone duct 54.

The heater core 106a can be located within the main
housing 62a and in line with the first and second hot flues
910, 914. The first and second hot flues 910, 914 can divide
the heater core 106a 1nto two portions 950, 954, such that air
passing through the heater core 1064 via the first hot flue 910
remains separate from air passing through the heater core
106a via the second hot flue 914. The evaporator 102a can
be located within the main housing 62q and in line with the
air supply flue 114a. The air supply flue 114 can be fluidly
coupled with the blower housing 74a and intake port 78 to
receive air therefrom.

The flue door mechanism 110a can be generally similar to
the flue door mechanism 110, having drive link 146, driven
link 150, connecting link 154, actuator 158, a first door 958,
and a second door 962. While the present example shows the
flue door mechanism 110a as having connecting link 154
shown 1n FIG. 2, 1t 1s understood that flue door mechanism
110a can alternatively use a connecting rod configured
similar to connecting links 242, or 294, shown 1n FIG. 5, and
FIGS. 6-8, in conjunction with the respective configurations
of the main housings 298, and/or link covers 170, 246, 350,
or pin 330. The first door 958 can be disposed within the
main housing 62a and can be rotatably coupled to the main
housing 62a at the drive pivot 174, while being non-
rotatably coupled to the drive link 146 for common rotation
at the drive pivot 174. The first door 958 can have a first
damper portion 966 extending radially outward from the
drive pivot 174. The second door 962 can be disposed within
the main housing 62a and can be rotatably coupled to the
main housing 62aq at the driven pivot 186, while being
non-rotatably coupled to the driven link 150 for common
rotation at the driven pivot 186. The second door 962 can
have a second damper portion 970 and a third damper
portion 974, each extending radially outward from the
driven pivot 186. In this way, the first and second doors 958,
962 arc both articulated when the actuator 138 rotates the
drive link 146.

The first door 958 and second door 962 can be configured
to rotate between a closed position (FIG. 9A) and an open
position (FIG. 9B). In the closed position, the first damper
portion 966 can be positioned to block the first inlet 934 to
prevent air from flowing from the air supply flue 114,
through the first hot flue 910. In this position, the first
damper portion 966 1s positioned such that the first cool flue
918 15 open to allow air to flow from the air supply flue 1144,
through the first cool tlue 918, and to the first main tlue 926.
In this position, maximum cool air can be provided to the
first zone 34. The second damper portion 970 can be
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positioned to block the second inlet 942 to prevent air from
flowing from the air supply flue 114q, through the second
hot flue 914. In this position, the third damper portion 974
can be positioned such that the second cool flue 922 1s open
to allow air to flow from the air supply flue 114a, through the
second cool flue 922, and to the second main flue 930. In this
position, maximum cool air can be provided to the second
zone 38.

In the open position, the first damper portion 966 can
block the first cool flue 918 to prevent cool air from flowing,
directly from the air supply flue 114a, to the first main flue
926, through the first cool flue 918. The first damper portion
966 1s positioned such that the first inlet 934 1s open to allow
air to flow from the air supply flue 1144a, through the first hot
flue 910, to the first main flue 926. In this position, maxi-
mum heating of the air directed to the first zone 34 1s
achieved. The second damper portion 970 can be positioned
such that the second inlet 942 1s open to allow air to flow
from the air supply flue 114a, through the second hot flue
914, to the second main flue 930. The third damper portion
974 can block the second cool flue 922 to prevent cool air
from tlowing directly from the air supply flue 1144, to the
second main flue 930, through the second cool flue 922. In
this position, maximum heating of the air directed to the
second zone 38 1s achieved.

Thus, the present teachings provide for an HVAC system
with a mechanism that can use a single linkage rod to
accurately actuate multiple doors spaced apart within HVAC
flues. The HVAC system of the present teachings overcomes
the limitations of prior HVAC door mechanisms by
mechanically preventing the linkage rod from flexing or
bending outside of its desired movement path with minimal
additional components or complexity. The present HVAC
system thus allows the use of lighter weight materials 1n a
four-bar linkage mechanism while maintaining consistent
articulation of the flue doors, even when the mechanism
components become heated.

The foregoing description of the embodiments has been
provided for purposes of illustration and description. It 1s not
intended to be exhaustive or to limit the disclosure. Indi-
vidual elements or features of a particular embodiment are
generally not limited to that particular embodiment, but,
where applicable, are interchangeable and can be used 1n a
selected embodiment, even if not specifically shown or
described. The same may also be varied in many ways. Such
variations are not to be regarded as a departure from the
disclosure, and all such modifications are intended to be
included within the scope of the disclosure.

Example embodiments are provided so that this disclosure
will be thorough, and will fully convey the scope to those
who are skilled in the art. Numerous specific details are set
torth such as examples of specific components, devices, and
methods, to provide a thorough understanding of embodi-
ments of the present disclosure. It will be apparent to those
skilled 1n the art that specific details need not be employed,
that example embodiments may be embodied 1n many
different forms and that neither should be construed to limait
the scope of the disclosure. In some example embodiments,
well-known processes, well-known device structures, and
well-known technologies are not described 1n detail.

The terminology used herein 1s for the purpose of describ-
ing particular example embodiments only and 1s not
intended to be limiting. As used herein, the singular forms
“a,” “an,” and “the” may be intended to include the plural
forms as well, unless the context clearly indicates otherwise.
The terms “comprises, 7
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stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
clements, components, and/or groups thereot. The method
steps, processes, and operations described herein are not to
be construed as necessarily requiring their performance in
the particular order discussed or illustrated, unless specifi-
cally identified as an order of performance. It 1s also to be
understood that additional or alternative steps may be
employed.

When an element or layer 1s referred to as being “on,”
“engaged to,” “connected to,” or “coupled to” another
clement or layer, it may be directly on, engaged, connected
or coupled to the other element or layer, or intervening
clements or layers may be present. In contrast, when an
clement 1s referred to as being “directly on,” “directly
engaged to,” “directly connected to,” or “directly coupled
to” another element or layer, there may be no intervening
clements or layers present. Other words used to describe the
relationship between elements should be interpreted 1n a like
fashion (e.g., “between” versus “directly between,” “adja-
cent” versus “directly adjacent,” etc.). As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

Although the terms first, second, third, etc. may be used
herein to describe various elements, components, regions,
layers and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these terms.
These terms may be only used to distinguish one element,
component, region, layer or section from another region,
layer or section. Terms such as “first,” “second,” and other
numerical terms when used herein do not imply a sequence
or order unless clearly indicated by the context. Thus, a first
clement, component, region, layer or section discussed
below could be termed a second element, component,
region, layer or section without departing from the teachings
of the example embodiments.

Spatially relative terms, such as “iner,” “outer,”
“beneath,” “below,” “lower,” “above,” “upper,” and the like,
may be used herein for ease of description to describe one
clement or feature’s relationship to another element(s) or
teature(s) as 1llustrated 1n the figures. Spatially relative terms
may be intended to encompass different orientations of the
device 1n use or operation in addition to the orientation
depicted 1n the figures. For example, 11 the device in the
figures 1s turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the example
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

What 1s claimed 1s:
1. A vehicle heating, ventilation, and air conditioning
(“HVAC”) assembly comprising:

a drive member:;

a driven member;

a connecting member rotatably coupled to said dnive
member and said driven member and configured to be
moved by said drive member to rotate said driven
member, the connecting member 1s a rigid, linear rod;

an arcuate groove defined by the connecting member;

a guide member recerved within said arcuate groove and
configured to restrict movement of said connecting
member 1n a direction perpendicular to a path of the
arcuate groove as said connecting member 1s moved by
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said drive member, the guide member 1s spaced apart
from, and between, the drive member and the driven
member:;

a pin extending through the arcuate groove and into
cooperation with the guide member to prevent the
connecting member from bending in a direction per-
pendicular to a longitudinal axis of the connecting
member;

a first door configured to be rotated by said drive member
between a first position and a second position;

a second door configured to be rotated by said driven
member between a third position and a fourth position;
and

a housing, the first and second doors are disposed within
the housing, the guide member extends from the hous-
ing and 1s recerved within the arcuate groove, the guide
member restricts movement of the connecting member
to a path defined by the groove.

2. The vehicle HVAC assembly of claim 1, wherein said
drive member has a first end and a second end, said first end
being rotatably coupled to said housing and non-rotatably
coupled to said first door, said second end being rotatably
coupled to said connecting member.

3. The vehicle HVAC assembly of claim 2, wherein said
driven member has a third end and a fourth end, said fourth
end being rotatably coupled to said housing and non-
rotatably coupled to said second door, said third end being
rotatably coupled to said connecting member.

4. The vehicle HVAC assembly of claim 1, wherein said

first door 1s configured to allow airflow through a first flue
while preventing airflow through a second flue when 1n said
first position, and configured to prevent airtlow through said
first flue while allowing airflow through said second flue
when 1n said second position.

5. The vehicle HVAC assembly of claim 4, wherein said

second door 1s configured to allow airflow through said first
flue when 1n said third position, and configured to prevent
airtlow through said first flue when 1n said fourth position.

6. The vehicle HVAC assembly of claim 5, wherein said
first flue 1s configured to route air through a heat exchanger.

7. The vehicle HVAC assembly of claim 4, wherein said
second door 1s configured to allow airtflow through a third
flue while preventing airtlow through a fourth flue when 1n
said third position, and configured to prevent airtlow
through said third flue while allowing airflow through said
fourth flue when 1n said fourth position.

8. The vehicle HVAC assembly of claim 7, wherein said
first and third flues are configured to route air through a heat
exchanger, said first and second tlues are configured to route
air to a first zone of the vehicle, and said third and fourth
flues are configured to route air to a second zone of the
vehicle.

9. A vehicle heating, ventilation, and air conditioning
(“HVAC”) assembly comprising:

a drive member;

a driven member;

a connecting member rotatably coupled to said drive
member and said driven member and configured to be
moved by said drive member to rotate said driven
member, the connecting member 1s a rigid, linear rod;

an arcuate groove defined by the connecting member;

a guide member received within said arcuate groove and
configured to restrict movement of said connecting
member 1n a direction perpendicular to a path of the
arcuate groove as said connecting member 1s moved by
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said drive member, the guide member 1s spaced apart
from, and between, the drive member and the driven
member;
a pin extending through the arcuate groove and into
cooperation with the guide member to prevent the
connecting member from bending in a direction per-
pendicular to a longitudinal axis of the connecting
member;
a first flue set:
a second flue set;
a first door configured to be rotated by said drive member
between a first position and a second position;
a second door configured to be rotated by said driven
member between a third position and a fourth position;
and
a housing, the first and second doors are disposed within
the housing, the guide member extends from the hous-
ing and 1s recerved within the arcuate groove, the guide
member restricts movement of the connecting member
to a path defined by the groove;
wherein:
when said first door 1s 1n said first position and said
second door 1s 1n said third position, air 1s permitted
to flow through said first flue set and restricted from
flowing through said second flue set; and

when said first door 1s 1n said second position and said
second door 1s 1n said fourth position, air 1s restricted
from flowing through said first flue set and permaitted
to flow through said second flue set.

10. The HVAC assembly of claim 9, wherein said first flue
set 1s configured to route air through a heat exchanger and
said second flue set 1s configured to direct air around said
heat exchanger.

11. The HVAC assembly of claim 9, wherein said first flue
set 1ncludes a first flue and a second flue, and said second
flue set includes a third flue and a fourth flue, said first and
second flues configured to route air through a heat
exchanger, said third and fourth flues configured to direct air
around said heat exchanger, and wherein said first and third
flues are configured to route air to a first zone of the vehicle,
and said second and fourth flues are configured to route air
to a second zone of the vehicle.

12. The vehicle HVAC assembly of claim 9, wherein said
drive member has a first end and a second end, said first end
being rotatably coupled to said housing and non-rotatably
coupled to said first door, said second end being rotatably
coupled to said connecting member.

13. The vehicle HVAC assembly of claim 12, wherein
said driven member has a third end and a fourth end, said
fourth end being rotatably coupled to said housing and
non-rotatably coupled to said second door, said third end
being rotatably coupled to said connecting member.

14. A vehicle heating, ventilation, and air conditioning
(“HVAC”) assembly comprising:

a heat exchanger;

an evaporator:

a housing defining a first flue set and a second flue set,
said first tlue set configured to direct air recerved from
said evaporator through said heat exchanger, said sec-
ond flue set configured to direct air recerved from said
evaporator to bypass said heat exchanger;

a flue door mechanism including:

a drive member rotatably coupled to said housing;

a driven member rotatably coupled to said housing at a
location spaced apart from said drive member;

a connecting rod having a first end rotatably coupled to
said drive member, a second end rotatably coupled to
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said driven member, and a mid-section extending
between said first and second ends;

an arcuate groove defined by the mid-section of the
connecting rod;

a first door disposed within said housing and coupled
for rotation with said drive member between a first
position and a second position; and

a second door disposed within said housing and
coupled for rotation with said drniven member
between a third position and a fourth position;

a guide member extending from the housing and recerved
within said arcuate groove, the guide member restricts
movement of the connecting rod to a path defined by
the groove and prevents movement in a direction
perpendicular to a path of the arcuate groove as the
connecting rod 1s moved by the drive member, the
guide member 1s spaced apart from, and between, the
drive member and the driven member; and

a pin extending through the arcuate groove and into
cooperation with the guide member to prevent the
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connecting rod from bending 1n a direction perpendicu-
lar to a longitudinal axis of the connecting rod;
wherein:

when said first door 1s 1n said first position and said
second door 1s 1n said third position, air 1s permitted
to flow through said first flue set and 1s restricted
from tlowing through said second flue set;

when said first door 1s 1n said second position and said
second door 1s 11 said fourth position, air 1s restricted
from flowing through said first flue set and permaitted
to flow through said second flue set.

15. The vehicle HVAC assembly of claim 14, wherein
said first flue set includes a first flue and a second flue, and
sald second flue set includes a third flue and a fourth flue,
said first and second flues being configured to route air
through a heat exchanger, said third and fourth flues being
configured to direct air around said heat exchanger, and
wherein said first and third flues are configured to route air
to a first zone of the vehicle, and said second and fourth flues
are configured to route air to a second zone of the vehicle.
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